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Introduction
Wavelets mean a family of piecewise functions which have many useful properties such as orthogonality, compact support, exact representation of polynomials to a certain degree and ability to represent functions at different levels of resolution [1] . Wavelets founded by Daubechies have been used to obtain approximate solution of different physical and mathematical problems related to various branches of engineering and applied sciences. Since the beginning of 1990s, wavelet based method have been used to solve different forms of differential equations. Generally, the wavelet coefficients have been found by using the Galerkin or collocation method. But Daubechies wavelet family has a drawback. Because these wavelet family have implicit expression, analytical differentiation or integration of Daubechies wavelets is not possible. And thus, more simple wavelets which are based on orthogonal polynomials such as Haar, Hermite, Legendre, Laguerre and Chebyshev are used in wavelet based numerical methods by many researchers [2] [3] [4] [5] [6] [7] .
Fractional-order delay differential equation is the generalization of delay differential equation. Fractional-order delay differential equations and fractional differential equations have attracted increasing attention because fractional-order delay differential equations and fractional differential equations have been applied in great various areas of physics, namely fluids mechanics [8] , fluid-dynamic traffic [9] , frequency dependent damping behavior of many viscoelastic materials, biosciences, signal processing [10] and control theory [11] . Moreover, fractional-order delay differential equations and fractional differential equations are used in several S14 THERMAL SCIENCE: Year 2019, Vol. 23, Suppl. 1, pp. S13-S21
areas of applied mathematics. These equations are also used in the study of epidemics, automation, traffic flow and in many engineering problems. So accurate and efficient numerical method for solution fractional and fractional-order delay differential equations is very substantial. To obtain numerical solutions of fractional and fractional-order delay differential equations, there are many numerical methods such as, Galerkin method, collocation method, operation matrix of integration method and operational matrix of differentiation, etc and different wavelets basis have been used. Modified Laguerre wavelets method are applied to delay differential equations of fractional-order [12] . The Legendre wavelet method is presented by Rehman and Khan [13] . Saeed and Rehman [14] have solved by using Hermite wavelet method for delay differential equations of fractional-order. Gegenbauer wavelets operational matrix method has been used to solve fractional differential equations in [15] .
Laguerre wavelet based Galerkin method has been introduced for the numerical solution of elliptic problems. To basic aim of this paper is to develop Laguerre Wavelets Galerkin method and combine it with the method of steps to fractional and fractional-order delay differential equations.
Basic definitions of fractional calculus
Definition 1. The Riemann-Liouville fractional integral operator of order α is defined [16] Definition 2. Caputo's fractional derivative of order α is defined:
where > 0 α is the order of the derivative and n is the smallest integer greater than α .
For Caputo's derivative we have the following four basic properties [13] :
where λ is constant.
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Laguerre wavelets
Wavelets form a family of functions which formulated from dilation and translation of a single function ( ) t ψ called the mother wavelet. When the dilation parameter p and the translation parameter q vary continuously, we have the following family of continuous wavelets [12] : 1 2 , ( ) =| | , , and 0
 If p and q parameters are restricted to discrete values as:
we have the following family of discrete wavelets:
The Laguerre wavelets , ( ) = ( , , , ) n m t k n m t ψ ψ comprise of four arguments, n = 1, 2, 3,...2 k-1 , m is the degree of Laguerre polynomials, and t is the normalized time. Laguerre wavelets are defined on the interval [0,1) as:
where 
Modified Laguerre wavelet based Galerkin method
In this paper, we take the following fractional-order delay differential equation of the form:
where ( ) g t is a source function and f is a continuous linear or non-linear function. a b is the following form:
with the initials conditions ( ) = ( ), ( ) = ( ) u a p a u a p a ′ ′ .
The obtained fractional nondelay differential eq. (5) on [ , ] a b is solved by using the modified Laguerre wavelet based Galerkin method.
We can write the obtained fractional non-delay differential eq. (5):
R t the residual of the obtained fractional nondelay differential eq. (5). When ( ) = 0 R t for the exact solution ( ) u t which satisfy the given conditions. We consider the trail solution ( ) u t for eq. (5) can be expanded as a modified Laguerre wavelet [17, 18] series with satisfying given conditions:
where , n m a 's are unknown coefficients to be determined. We differentiate eq. (7) order α with respect to t and substitute in the eq. (6). To find the unknown coefficients , n m a in the eq. (7), we choose weight functions as assumed basis elements and integrate on boundary values together with residual to zero (5). That is:
Then we get system of linear equations. This system consists of 
Conclusion
In this study, we have been practically applied modified Laguerre wavelet based Galerkin method to solve fractional and fractional-order delay differential equations by using method of steps. The presented scheme is tested on some examples to see the accuracy and efficiency of presented method and the obtained numerical results are then compared with exact solutions. These comparis reveal that the presented method is efficient and practically suited to find approximate solution the fractional and fractional-order delay differential equations. So the presented method is observed that can be an alternative way for the numerical solutions of the fractional and fractional-order delay differential equations. All of above numerical computations have been calculated using Maple software. 
